uptime (Figures 3-3 and 3-4). In photolithography, attempts to increase mean time between failures have yielded a 30-percent increase in availability and an approximately 30-percent decrease in area throughput time while achieving a 10-percent reduction in total fabrication throughput time (Figure 3-5). Mean time between failures for a wide variety of assembly equipment has increased in the range of 200 to 2300 percent, resulting in equipment uptime averages in excess of 90 percent of available hours (in a 168-hour week).
Benefits of Intel's ERM program have included reduced cost per unit at each process step, as factory operations and support costs associated with downtime or slower area throughput time have been reduced. Additional capacity can be made available in many cases by increasing equipment utilization rates rather than by adding units of equipment. This adds up to important savings because the base cost of many types of equipment exceeds $1 million per unit.
Indirect benefits often outweigh direct savings. For example, meeting process parameters more reliably via FMECA increases factory yields and reduces work-in-process inventory. Such continuous improvements will be required to keep direct cost per unit and factory overhead competitive in the global marketplace.
VISION
The ideal manufacturing environment of the future has no maintenance organization and every piece of equipment is expected to be available 100 percent of the time. The entire manufacturing organization, including executive management, recognizes the value of high equipment availability and the role of ERM in achieving it. Sensors monitor the condition and performance of equipment throughout the manufacturing system and feed back relevant data to system controllers that interact with technically sophisticated human operators who use the data to maximize throughput, effect timely maintenance, and recover promptly from equipment failure.
Equipment design employs new approaches that use broader data bases. Simultaneous design, or concurrent engineering, i.e., designing the production line or process at the same time as the product it is to produce, is the watchword. Designers have access to comprehensive data from the equipment itself, as well as a wealth of information about the needs and performance of the installed base of industrial users. Across each industry is a reli-